The Alere i Influenza A&B assay is a newly developed rapid molecular assay which has the potential to generate results within 15 min from sample collection. In this study, we evaluated the Alere i Influenza A&B assay by using salvaged frozen respiratory specimens that were collected in viral transport medium from children ages 10 months to 19 years. Alere i Influenza A&B assay test results were compared with viral culture and ProFlu ؉ real-time reverse transcription-PCR (RT-PCR) assay results. We found that the overall sensitivity and specificity of the Alere i Influenza A&B assay were 93.3% and 94.5% for the detection of influenza A virus and 100% and 100% for the detection of influenza B virus, respectively, compared to viral culture. In comparison to ProFlu ؉ real-time RT-PCR, overall sensitivity and specificity of the Alere i Influenza A&B assay for the detection of influenza A virus were 88.8% and 98.3% and 100% and 100% for detecting influenza B virus. Overall, the Alere i Influenza A&B assay performed well compared to either virus cell culture or RT-PCR.
I
nfluenza viruses cause a significant number of infections each year during respiratory illness seasons. Individuals with increased risks for influenza virus infection include children, the elderly, and those with compromised immune systems resulting from other ailments (1) (2) (3) (4) (5) . The illnesses caused by these viruses continue to result in a considerable economic impact (4, 6) . Treatment options such as influenza antiviral medications generally need to be administered within 24 to 72 h from the onset of symptoms for adequate efficacy (7) . Therefore, rapid diagnosis is key for such therapies.
Several laboratory methods are available for detecting influenza viruses and aiding in the diagnosis of influenza virus infections, most of which will distinguish between influenza A and influenza B viruses. Commonly used methods in the lab include viral culture (8) , direct fluorescent antibody (DFA) staining, immunochromatographic virus antigen detection-based assays (9) (10) (11) , and nucleic acid amplification assays (1, 12, 13) . Traditionally, viral culture is considered the gold standard for detection of influenza virus infection, and shell vial cultures using cocultured cell lines (R-mix) have been used to increase the rapidity of culture results. However, these results are not available in a timely fashion to impact clinical decisions in an outpatient setting. DFA assays have performed well and have improved the result turnaround time (TAT) (14, 15) . Unfortunately, these assays are laborious, subjective, technically demanding, and generally exhibit lower sensitivity when used alone rather than in conjunction with viral culture (16) (17) (18) . Real-time reverse transcription-PCR (RT-PCR) is becoming increasingly accepted as a gold standard for detection of influenza viruses, but it is technically demanding, laborious, and expensive; all these factors limit the usefulness of the technique in an outpatient setting. Antigen detection methods are available for rapid diagnosis of viral infections from respiratory specimens. These assays show benefit in Emergency Departments and outpatient settings due to their ease of use and rapid TAT, generally 30 min or less. For these reasons, many clinical laboratories employ rapid antigen-based assays as their first-line diagnostic test for influenza virus infections. Though generally exhibiting very high specificity and positive predictive values, the major limitations of currently available rapid antigen tests involve their low and widely variable sensitivity (19) .
A current need in diagnostic microbiology laboratories is for a rapid, molecular-based assay with high sensitivity and quick TAT for detection of influenza virus. Isothermal nucleic acid amplification allows nucleic acid amplification in a very narrow temperature range, eliminating the need for expensive thermal cyclers and allowing for results to be obtained very quickly. The Alere i Influenza A&B nucleic acid amplification test is a simple-to-use, automated test for influenza A and B viruses that is intended to provide the sensitivity of a molecular test with the quick results that a traditional rapid antigen test provides. The Alere i Influenza A&B test can provide results within 15 min of initiating the test. Specimen preparation, lysis, and nucleic acid amplification are all accomplished with minimal hands-on time.
The aim of the current study was to evaluate the performance characteristics of the Alere i Influenza A&B assay in comparison to viral culture and a real-time RT-PCR assay for influenza virus. Previously characterized frozen respiratory specimens obtained from children were used in this evaluation study.
(These study findings were presented at the Pan American Society for Clinical Virology Annual Meeting 2013.)
MATERIALS AND METHODS
Clinical specimens. This study utilized a total of 236 salvaged frozen respiratory specimens collected in 3 ml of universal transport medium (UTM). The specimens were previously collected for clinical testing from August 2009 through June 2012 at Children's Mercy Hospitals and Clinics in Kansas City, MO. The specimen collection consisted of 158 midturbinate swabs (MTS) and 78 nasopharyngeal wash/aspirates (NPW/A) collected in 3 ml UTM from children aged 10 months to 19 years. The historical results were obtained through a combination of rapid antigen testing (180 specimens) and RT-PCR (56 specimens). Included in the study were 116 historically positive influenza A virus specimens, 60 historically positive influenza B virus specimens, and 60 historically negative specimens. Each specimen was thawed, deidentified, and given a unique study identifier prior to enrollment into the study.
Alere i Influenza A&B nucleic acid amplification testing. Specimens were tested with the Alere i Influenza A&B assay within 24 h of thawing. Briefly, the test base is inserted into the appropriate color-coded receptacle, followed by placing the sample receiver into the corresponding colorcoded receptacle. The sample receiver and buffer inside are then heated 3 minutes. Following the heating step, 200 l of thawed specimen in UTM is directly added to the buffer in the sample receiver. The transfer cartridge is then used to transfer sample to the test base. Once this step has been confirmed by the user, the test proceeds and results are available within 10 min. The instrument reports results as either positive or negative for both influenza A and influenza B viruses. All instructions are reported via animated graphics on the instrument display. For the study, positive and negative quality control swabs were processed every day before testing of study specimens.
Respiratory viral culture. Viral culture was performed using R-Mix shell vials from Diagnostic Hybrids (Athens, OH). The viral cultures were stained with Light Diagnostics SemiFluor FluA/FluB duet antibody from EMD Millipore (Billerica, MA) on day 2 of culture.
Nucleic acid extraction. Total nucleic acid was extracted from 200 l of each specimen along with positive and negative extraction controls with the NucliSENS easyMAG automated extractor from bioMérieux (Durham, NC). Extractions were carried according to the manufacturer's instructions. All nucleic acid extractions were performed within 24 h of thawing a specimen. Samples were extracted in batches daily and stored frozen at Ϫ80°C until real-time RT-PCR testing.
Real-time RT-PCR. RT-PCR was performed with the Prodesse ProFlu ϩ assay for detection of influenza A virus, influenza B virus, and respiratory syncytial virus (Gen-Probe, San Diego, CA). The assay was performed on all tested specimens according to the manufacturer's instructions along with recommended controls on the Cepheid SmartCycler II real-time instrument with Dx software version 1.7b.
Statistical analyses. Results obtained with the Alere i Influenza A&B assay were compared to those obtained via viral cell culture and RT-PCR reference methods to characterize the assay's performance. The statistical analyses included all specimens that yielded a valid test result for both the Alere i Influenza A&B assay and the comparator methods. Reportable data were summarized in two-by-two data tables in which the number of specimens in each of the four result categories were listed: true positive (TP), true negative (TN), false positive (FP), and false negative (FN). Sensitivity, specificity, positive predictive value (NPV), and negative predictive value (NPV) were determined. Confidence intervals at 95% were calculated by using a modified Wald method (20) .
RESULTS
This study tested 236 salvaged and previously frozen respiratory specimens by use of the Alere i Influenza A&B rapid molecular assay. The overall performance of the test compared with viral cell culture is shown in Table 1 . For each test, the assay generated separate results for influenza A and influenza B viruses. Importantly, the validity of each result does not depend on the other (i.e., an invalid influenza A virus result does not guarantee an invalid influenza B virus result, and vice versa). Over the course of the study, there were invalid results obtained for 6 specimens. One specimen was invalid for both influenza A and influenza B viruses. The other 5 generated an invalid result for either influenza A or influenza B viruses, but not both, resulting in invalid rates of 1.3% for influenza A virus (3/236) and 1.7% for influenza B virus (4/ 236). Importantly, in half of the specimens that yielded an invalid result, the true result, compared with both RT-PCR and viral culture, was confirmed. The sensitivity for the detection of influenza A virus when testing MTS specimens was 96.1%, while for NPW/A specimens the sensitivity was 92.3%, resulting in an overall sensitivity of 93.3% compared to viral culture. Specificities were 93.7% and 92.2% for MTS and NPW/A, respectively, for an overall specificity of 94.5% in detection of influenza A virus. As described below and shown in Table 2 , more than 50% of the FP results (compared with culture) affecting the specificity were confirmed as TP by real-time RT-PCR, resulting in a higher true specificity. For influenza B virus detection, both sensitivity and specificity were 100% for all specimen types in comparison to viral culture.
When using real-time RT-PCR as the comparator method, detection of influenza A virus by use of the Alere i Influenza A&B assay resulted in sensitivity of 89.4% for MTS specimens and 87.1% for NPW/A specimens, for a combined sensitivity of 88.8% for all specimens combined. The corresponding specificities were 98.6% for MTS, 97.8% for NPW/A, and 98.3% overall. For the detection of influenza B virus, again, sensitivity and specificity were 100% for both MTS and NPW/A specimens. For those influenza A virus specimens that were Alere i Influenza A&B test positive (n ϭ 103), the median threshold cycle (C T ) value was 24.1, with a range of 19.4 to 30.4 (Fig. 1) . The interquartile ranges (IQR) were as follows: first IQR (Q1), 22.05; Q3, 26.25. For the influenza A virus specimens that were negative by the Alere i Influenza A&B test (n ϭ 13), the median C T value was 32.7, with a range of 29.4 to 35.9. The IQR were as follows: Q1, 31.2; Q3, 33.5. The difference in C T values between the groups was significant (P Ͻ 0.001). 
DISCUSSION
One of the keys to managing outbreaks of influenza during any respiratory disease season is accurate and rapid diagnosis. Unfortunately, antigen-based rapid tests are significantly lacking in sensitivity compared with molecular-based assays, such as real-time PCR (21) (22) (23) . Additionally, traditional rapid antigen assays depend on user interpretation, which may vary from operator to operator. In this study, we evaluated the Alere i Influenza A&B assay, an isothermal molecular test for the qualitative detection of influenza A and B viruses. We found, using viral culture as the gold standard, that the overall sensitivity of the Alere i Influenza A&B assay was 93.3% for the detection of influenza A virus and 100% for the detection of influenza B virus. The specificities were 94.5% and 100% for influenza A and B viruses, respectively. In comparison to PCR, the overall sensitivity of the Alere i Influenza A&B assay for the detection of influenza A virus was 88.8% and 100% for detecting influenza B virus. Specificity was 98.3% for influenza A virus and 100% for influenza B virus. The PCR cutoff for the detection of influenza A and B viruses for specimens collected in 3 ml of VTM and analyzed via the Prodesse ProFlu ϩ assay was determined to be a C T of ϳ30. For the Alere i Influenza A&B assay specimens that were negative, the C T range was 29.4 to 35.9 (IQR: Q1, 31.2; Q3, 33.5). For the Alere i Influenza A&B assay specimens that were positive, the C T range was 19.1 to 30.4 (Q1, 22.05; Q3, 26.25). It is also interesting that the Alere i Influenza A&B assay performed equally well with both the midturbinate swabs and nasopharyngeal aspirates for both influenza A and influenza B virus detection.
A formal evaluation for detection of a broad spectrum of known influenza virus subtypes was not completed as a part of this study, but comparison of the Alere i Influenza A&B assay results from a subset of specimens previously characterized by use of molecular testing as pH1N1 (n ϭ 56) demonstrated a sensitivity of 80% (44/55) (data not shown). One specimen with a historical pH1N1 result was not confirmed in the recent study with the Alere i Influenza A&B assay or the ProFlu ϩ assay. The performance levels of antigen tests and some molecular tests have been found to be affected by some influenza virus strains, usually the novel and emerging virus types (24, 25) . It is possible that the Alere i Influenza A&B assay is affected by novel strains; hence, a focused investigation with clinical specimens containing various influenza virus subtypes will be important.
Isothermal amplification assays have recently been reported in the literature for detection of several pathogens, including influenza viruses. Multiple variations of this technology, such as loopmediated isothermal amplification assay (LAMP), have been designed for isothermal conditions. Several reverse transcription LAMP assays developed for detection of emerging highly pathogenic avian influenza virus of the H5N1 strain have recently been reviewed (26) . Another LAMP assay for detection of influenza A and B viruses demonstrated a combined sensitivity and specificity of 97.9% and 100% for influenza A and influenza B viruses. This assay had an associated off-board sample preparation step of 10 min, which is near the total assay time for the Alere i Influenza A&B nucleic acid amplification test. Total assay time for this method was 40 min (27) . A simple amplification-based assay (SAMBA) duplexed with visual detection of nucleic acid on a dipstick displayed a sensitivity of 100% for detection of both influenza A and B viruses, with specificities of 97.9% for influenza A virus and 100% for influenza B virus, compared with a lab-developed real-time RT-PCR (28) . The TAT for the SAMBA was 135 min, making it unsuitable for "STAT" rapid testing. In contrast, the Alere i Influenza A&B assay was designed as a simple and rapid nucleic acid amplification test for influenza virus detection directly from nasal swabs collected and tested in point-of-care (POC) settings. In a recent prospective multicenter clinical study, the clinical performance of the Alere i Influenza A&B assay was evaluated. In comparison with viral cell culture, the overall sensitivity and specificity of the Alere i Influenza A&B assay direct nasal swab testing were 97.8% and 85.6% for the detection of influenza A virus and 91.8% and 96.3% for the detection of influenza B virus, respectively. Following resolution of discrepant results by real-time RT-PCR, the sensitivity and specificity of the Alere i Influenza A&B assay improved to 99.3% and 98.1% for influenza A virus and 97.6% and 100% for influenza B virus, respectively (29) .
In this study, we demonstrated that the Alere i Influenza A&B assay works equally well with MTS or NW/A transported in 3 ml of universal transport medium. The sensitivity of this assay seems to be slightly reduced when results are compared with culture when testing direct foam-tipped nasal swabs (97.8%) versus dilution of the MTS and NW/A specimen in 3 ml UTM (93.3%). In summary, the Alere i Influenza A&B assay requires minimal hands-on time, and results can be obtained within 15 min of specimen collection. The rapid TAT compares very favorably to viral culture (which requires days) and to traditional real-time PCR methods (which require hours) that would require an additional extraction step. The Alere i Influenza A&B assay instrument is relatively small and portable, requires minimal training, and can be ideally placed near patient settings for the most minimal TAT for results. The performance of the Alere i Influenza A&B assay, compared with the gold standard methodologies, such as culture and RT-PCR, coupled with a much quicker TAT from sample collection to result, makes it an excellent choice for POC testing. Additional studies evaluating the performance of the Alere i Influenza A&B assay in direct comparison with other molecular tests in the POC setting and rapid antigen tests are needed to fully understand its potential among the commercially available rapid influenza virus assays for the POC setting.
